In this paper the status of the TanDEM-X science activities, the distribution of the digital elevation mode, the schedule for the science phase and first results obtained from this will be presented. The goal of the TanDEM-X mission is to provide a higher level product (the digital elevation model) and to serve the science community with basic interferometric Synthetic Aperture Radar products (a pair of CoSSC's). The focus in this paper will be given to the activities within the last Announcement of Opportunity's for data distribution in terms of description of the science team and their research field of interest, the amount of data acquired and the first results obtained from the science team.
INTRODUCTION
TanDEM-X (TerraSAR-X add-on for Digital Elevation Measurement) opens a new era in spaceborne radar remote sensing. A single-pass SAR-interferometer with adjustable baselines in across-and in along-track directions is formed by adding a second (TDX), almost identical spacecraft to TerraSAR-X (TSX) and flying the two satellites in a closely controlled formation. TDX has SAR system parameters which are fully compatible with TSX, allowing not only independent operation from TSX in a mono-static mode, but also synchronized operation (e.g. in a bi-static mode). With typical across-track baselines of 200-600 m DEMs with a spatial resolution of 12 m and relative vertical accuracy of 2 m will be generated. The Helix concept provides a save solution for the close formation flight by combining a vertical separation of the two satellites over the poles with adjustable horizontal baselines at the ascending/descending node crossings.
Beyond the generation of a global TanDEM-X DEM as the primary mission goal, local DEMs of even higher accuracy level (spatial resolution of 6 m and relative vertical accuracy of 0.8 m) and applications based on Along-Track Interferometry (ATI) like measurements of ocean currents are important secondary mission objectives. Along-track interferometry will also allow for innovative applications to be explored and can be performed by the so-called dualreceive antenna mode on each of the two satellites and/or by adjusting the along-track distance between TSX and TDX to the desired value. Combining both modes will provide a highly capable along-track interferometer with four phase centers. The different ATI modes will e.g. be used for improved detection, localisation and ambiguity resolution in ground moving target indication and traffic monitoring applications. Furthermore, TanDEM-X supports the demonstration and application of new SAR techniques, with focus on multi-static SAR, polarimetric SAR interferometry, digital beam forming and super resolution.
The science proposal submission for data requests is available over the TanDEM-X Science Service System following the basic structure of the TerraSAR-X Science Service System. Some additional features were implemented to alleviate the handling and the use of the web-based interface. The main difference is the procedure for the data ordering. TanDEM-X is following a systematic data acquisition due to its high requirement on the DEM performance and this provides minor flexibility to other mission configurations for science proposals during a specific time. This means the science data takes are placed in the gaps between the DEM acquisitions. For a controlled handling the scientists cannot order the data takes autonomously as in the case of TerraSAR-X, but the science coordinator is translating the science requests and placing the data take orders according to the best possible acquisition timeline.
SCIENCE APPLICATION EXAMPLES
The demand for accurate topographic information and the demonstration of new techniques have been derived from numerous application areas. The TanDEM-X science applications are based on three operation techniques, acrosstrack SAR interferometry, along-track SAR interferometry and new SAR techniques. The three radar techniques evolve from the system specification defined by the TerraSAR-X satellite and the interferometric configuration itself. Due to its manifold system configurations, TanDEM-X is a flexible and multimode mission, which delivers a wide variety of application possibilities.
Across-track SAR interferometry is an established technique to measure the terrain topography. The application of this technique is based on the evaluation of phase differences measured with two SAR antennas separated by an appropriate baseline. This allows estimating the radar elevation angle to the phase center of each image resolution cell, where the height information is derived from the interferometric phase difference.
Along-track SAR interferometry is an established technique to measure velocities of moving objects. The application of this technique is based on a phase difference measurement as for the acrosstrack SAR interferometry whereby the two SAR antennas acquire complex SAR images of the same area with a short time lag. Hence, the two interferometric SAR antennas image the same area with the same geometry but with a well-defined time shift. This makes it possible to detect moving objects on the ground.
New SAR techniques will demonstrate the feasibility of innovative SAR techniques that have yet not or only partially been demonstrated on ground or with airplanes. Major goal is the implementation, test, and verification of innovative techniques and algorithms for the development of new scientific application products and/or new technologies.
DIGITAL ELEVATION MODEL PRODUCTS
Two TanDEM-X DEM product classes will be available for the science users:
• TanDEM-X DEM: The standard TanDEM-X DEM is a product derived from multiple TanDEM-X acquisitions and will be available 5 years after the satellite launch with global access. The specification of the DEM is given in Table 1 . Additionally, standard TanDEM-X DEMs will be available with pixel spacing increased by a factor of 2 and 4 and with improved relative vertical height accuracy. These are digital elevation models defined after the SRTM (Shuttle Radar Topography Mission, 2000) available products with 90 m and 30 m spatial resolution. The 12 m and 30 m spatial resolution TanDEM-X products are for science purposes free available (restricted to >100.000 km²). The 90 m spatial resolution product will be free globally available.
• DEMs on special user-request: These DEMs are generated on special user-request for a limited number and size of areas of interests. Two types of user-requested DEMs are available, DEMs based on TanDEM-X DEM acquisitions processed to a finer pixel spacing and lower height accuracy (FDEM) and higher resolution DEMs (HDEM) with higher relative height accuracy based on additional DEM acquisitions to improve the relative height error. Additional DEM data will be acquired after completion of the acquisitions for the standard TanDEM-X DEM and will be processed after the delivery of the standard TanDEM-X DEMs. Table 1 . TanDEM-X DEM specification
SCIENCE PHASE
The year 2015 is dedicated to the Science Phase. TanDEM-X will be operated in a dedicated science phase where the formation and instrument parameters are adjusted in accordance with the science needs. Two major configurations have been defined, the pursuit monostatic and the bistatic mode (Table 2 ). For both interferometric modes, an operation either in single/dual or in quad polarization using the dual receive antenna technique will be possible.
The pursuit monostatic phase, which is lasting approx. 4 months, is characterized by a set of drifting vertical baselines that ranges between 0 m and 1 km. Since these baselines are available at all latitudes and within short time periods, they are well suited for SAR tomography as well as large baseline investigations in the polar regions.
The large along track separation between the satellites enables, moreover, the observation of slow drifting movements. The bistatic phase will then begin in early spring 2015 using a formation with large horizontal crosstrack baselines. These baselines are well suited for the monitoring of crop heights during the growing season, but they can also serve many other applications that demand repeated acquisitions with large but temporally constant baselines.
In autumn 2015, the bistatic baselines will be reduced to 100-300 m as required for forest applications and alongtrack interferometry. While science acquisitions will have priority during the 15-months period, it is nevertheless planned to acquire additional data to fill gaps and further improve the quality of the TanDEM-X DEM. 
SUMMARY
The paper is summarizing the activities of the TanDEM-X science team during 2014-2015 and will provide an outlook to the next Announcements of Opportunities and planned activites.
